Abstract. In islanding mode micro-grid, the line impedance causes the nonlinear load sharing difference. When the line impedance is very large, it will cause the micro-source overloaded or even breakdown. In this paper, the nonlinear load sharing principle is analyzed based on equivalent circuit, the key parameter influencing load sharing is concluded, then the control strategy to improve load sharing performance is presented. The experimental results of two micro-sources are presented. The results demonstrate the effectiveness of the proposed method.
Introduction
In recent years, a large number of distributed power sources have been connected to the power grid, which has brought many impacts and challenges to the acceptance, dispatching capabilities of the power grid, voltage control of the power grid, power supply reliability, power quality, and relay protection. In order to adapt to the application of distributed energy, the concept of micro-grid came into being. The micro-grid is composed of a distributed power supply and a load. It has two working modes: grid connection and islanding. The distributed power supply in the micro-grid is called micro-source. Since micro-sources mostly use power electronic devices (micro-grid converters) to access the micro-grid, and the power electronic devices work in high-frequency conditions, they themselves constitute a harmonic source, which affects the power quality of the micro-grid; When there is a non-linear load in the micro-grid, the harmonics of the micro-sources and the load will be superimposed or cancelled, which will have a greater impact on the power quality and stability of the micro-grid [1] [2] [3] [4] . In order to improve the stability of the micro-grid system, the literature [5] established an analysis model of the micro-grid system resonance problem with multiple micro-sources, and gave the influence of the change of micro-source quantity on the resonant frequency of the micro-grid system, and proposed a Based on the active damping control method of harmonic virtual impedance, the active damping control of micro-grid system with multiple micro-sources is realized. When there is a non-linear load in the micro-grid, harmonic currents and harmonic voltages will be generated in the micro-grid system, resulting in a reduction in the power quality of the system. Therefore, many documents use active filters to improve the power quality of micro-grid systems. However, when using this method, it is necessary to add new power electronic equipment in the micro-grid system and increase the equipment investment of the micro-grid system [6] [7] [8] . Literature [2] proposed a PCC power quality improvement control strategy based on virtual impedance control. This method can achieve flexible control of PCC power quality under non-linear load conditions. Literature [3] proposed a method of micro source control based on a composite proportional resonant controller. The parameters of the resonant controller corresponding to each harmonic were adjusted by the magnitude of the harmonic current, and the goal of controlling the harmonic impedance of the output of the micro source was finally achieved. Micro-source harmonic current output, voltage control, the control method can effectively improve the power quality of the micro-grid system, but the use of more proportional resonant controller, increasing the computational complexity. This paper firstly establishes the circuit model of the nonlinear load condition of islanding mode micro-grid, analyzes the distribution characteristics of the harmonics in the micro-grid system, and proposes a method of controlling the harmonics of the micro-sourced isolated island micro-grid based on virtual impedance. Through the actual system of two micro-source networks, the proposed harmonic control strategy is verified experimentally. The experimental results show that the proposed strategy is effective and feasible.
Modeling of Micro-sourced Island Micro-grid
The main analysis of this paper is centered on the topology of multi-micro-source networks and loads as centralized loads. The topology of this type of topology is shown in Figure 1 . According to the literature [8] [9] [10] [11] , micro-sources mostly use droop control method. In the steady state, the equivalent circuit of this type of micro-source is the form of the command voltage source and the output impedance in series, in which the output voltage source is the command voltage and The output harmonic voltage (mostly harmonics generated by the PWM control) is superimposed, and the nonlinear load can be equivalent to the superposition of the fundamental current source and the harmonic current source. Based on the above analysis, the equivalent circuit of the h-th harmonic component in the stationary coordinate system in the system shown in Fig. 1 can be obtained as follows (take the α-axis component as an example, the β-axis component has the same with the α-axis). 
Analysis of Harmonic Characteristics of Micro-sourced Isolated Island Micro-grid
In order to simplify the calculation, the admittance sum of the h-th harmonic component of the output impedance of the micro-source i and its line impedance is set to Yi_h, and the h-th harmonic component iiα _h of the output current of the micro-source i on the α-axis can be calculated as follows:
In the formula, Yiα_h represents the component of the α-axis of Yi_h. From (1), we can see that in the micro-grid system composed of multiple micro-sources and centralized loads, the h-th harmonic component of the output current of the micro-source is affected by the value of the h-th harmonic component of the output impedance and the line impedance.The micro-source parameters of the system shown in Fig. 1 are the same, and the line impedance value satisfies the relationship shown in equation (2) .
From Equation (1) and Equation (2), under the condition of linear unbalanced load in islanding mode, the fundamental negative-sequence component of the output current of the micro-source 1 is the smallest, and the negative-sequence component of the fundamental output current of the micro-source n is the largest. Since the capacity of each micro-source in the system is the same, the load shared by each micro-source is different. It can be inferred that the difference in line impedance causes the load sharing of the system to be unreasonable.
In order to solve the problem of unreasonable load sharing in islanding micro-grid, this paper proposes a control method based on h-th harmonic current amplitude to achieve the improvement of micro-source non-linear load sharing performance. The control method is as follows:
In the formula, Ii_h represents the output current h-th harmonic component amplitude of the micro-source i, kiv_ h represents the harmonic virtual impedance proportional factor of the micro-source i Ziv__ h represents the h-th harmonic component of the virtual impedance of the micro-source i. Under the assumption that (2) is invariant, using the control method shown in (3), all the parameters of the micro-sources are consistent, and it can be deduced that the fundamental harmonic virtual impedance Znv_ h corresponding to the micro-source n is the minimum. The harmonic virtual impedance Z1v_h corresponding to the micro-source 1 is the largest. The increase of impedance will reduce the admittance, so after the control is adopted, the h-th harmonic component of the output current of the micro-source 1 will increase, and h-th harmonic component of the output of the micro-source n will decrease, and the load of other micro-sources will be shared. The value is adjusted accordingly, and the system's nonliner load is reasonably distributed.
When the h-th harmonic capacities of the micro-sources in Fig. 1 are different, the corresponding conditions for the h-th harmonic virtual impedance proportionality coefficients are as follows:
In the formula, Sih(i=1,2,…,n) represents the h-th harmonic capacity of the micro-source i. From Equation (4), it can be seen that when the micro-source capacity is different, the h-th harmonic capacity of the micro-source is larger, and the corresponding proportional h-th harmonic virtual impedance is smaller, whereas the corresponding h-th harmonic of the fundamental is proportional to the ratio. The larger the coefficient. When the micro-source output h-th harmonic current is the same, the larger the h-th harmonic capacity of the micro-source, the smaller the h-th harmonic virtual impedance value of the micro-source, and the h-th harmonic of the output impedance corresponds to the sum of line impedances. The greater the admittance value. From (1), it can be inferred that this feature will help the micro-sources with large capacity to output more fundamental negative-sequence currents and improve the nonliner load sharing performance of multi-micro-source systems.
Analysis of Results
To verify the effectiveness of the proposed virtual impedance control strategy, the topology of two micro-sources was used to verify the performance of linear unbalanced load and nonlinear load sharing performance improvement.
Under the non-linear load condition, the linear load of 9kW and the nonlinear load of 3kW are adopted. The parameters of the two micro-sources are the same, and the line impedance length is 0.5km. Set the harmonic capacity ratio of the two micro-sources to 10 to 1, and select k1v_hand k2v_n to be 0.3 Ω/A and 3 Ω/A, respectively. Because the PIR controller can realize the combined control of the fundamental wave positive sequence and the h-1 and h+1 harmonics at the same time, this experiment takes the reasonable sharing of the 5th and 7th harmonic currents as the control target. At the beginning of the experiment, the system does not use the harmonic virtual impedance control strategy. At the time of T2, the harmonic source virtual impedance control strategy of the micro-source is started. The response of the system is shown in Figs. 3 to 5. 3 shows that when the virtual impedance control strategy is not used, the total amplitudes of the 5th and 7th harmonics of the output currents of the micro-source 1 and the micro-source 2 are both 1A, and the load current 5 and 7 harmonic components of the two micro-sources are shared The ratio is 1:1. After T2, the total amplitude of the 5th and 7th harmonics of the output current of the micro-source 1 is increased to 1.8A, the total amplitude of the 5th and 7th harmonics of the output current of the micro-source 2 is reduced to 0.2A, and the load of the two micro-sources is reduced. The ratio of the 5th and 7th harmonic components of the current is 9:1 (close to the harmonic capacity ratio of the two micro-sources). Figure 4 shows that the difference in output currents of the two micro-sources is small when the harmonic virtual impedance control strategy is not used. Figure 5 shows that after using the virtual impedance control strategy, the 5th and 7th output current harmonics of the micro-source 1 are significantly larger than the micro-source 2. The experimental results show that when the virtual impedance control strategy is not adopted, the load current harmonic components shared by the two micro-sources are the same. After the virtual impedance control is adopted, the micro-sources with large harmonics share more load current harmonic components. The ratio of current harmonic components shared by the two micro-sources is close to their harmonic capacity ratio. It can be inferred that when the micro-source harmonic load capacity of the micro-grid system is different, the use of harmonic virtual impedance control strategy can be effective. Improve the system's non-linear load sharing performance.
Summary
In this paper, the load sharing strategy of island micro-grid for multi-micro-source networks is studied. Starting from the equivalent circuit, the load sharing methods of each micro-source in the island micro-grid are analyzed. It is pointed out that under the condition of nonlinear load, line impedance is an important parameter that affects the sharing of micro-source load. Based on the equivalent circuit calculation, this paper proposes a virtual impedance control strategy to achieve a reasonable load sharing, gives a virtual impedance design method based on the micro-source capacity, and gives the micro-source controller parameter design principles. Finally, the experiment proves that the proposed control strategy can achieve the load sharing of multi-micro-source network system.
